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(57) ABSTRACT 

A method for manufacturing an electronic device compris 
ing the steps of: dry-etching a Ti-containing metal ?lm 
formed on a substrate With a gas containing ?uorine; and 
treating the substrate With a chemical solution containing 
?uorine ions after the dry etching step. 
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METHOD FOR MANUFACTURING 
ELECTRONIC DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This non-provisional application claims priority under 35 
U.S.C. §119(a) on Patent Application No. 2004-349678 ?led 
in Japan on Dec. 2, 2004, the entire contents of Which are 
hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

(a) Field of the Invention 
The present invention relates to a method for manufac 

turing an electronic device such as a semiconductor device. 
In particular, it relates to a method for removing a deposit 
containing titanium ?uoride, thereby improving yield of the 
manufacture of the electronic device. 

(b) Description of Related Art 
In recent years, for the purpose of improving properties of 

semiconductor devices in a semiconductor integrated circuit 
combined With DRAMs (Dynamic Random Access Memo 
ries), Ta2O5 and TiN have been used as a capacitor insulating 
?lm and a top electrode, respectively. Hereinafter, With 
reference to the draWings, an explanation is given of a 
conventional method for manufacturing a capacitor of a 
semiconductor device. 

FIGS. 11A to 11D and FIGS. 12A to 12C are ?oW 
diagrams illustrating the conventional steps of manufactur 
ing the capacitor. 

First, as shoWn in FIG. 11A, a silicon oxide ?lm is formed 
on a semiconductor substrate 10 made of silicon as a ?rst 

interlayer insulating ?lm 11. Then, a Ta2O5 ?lm 12 is formed 
on the ?rst interlayer insulating ?lm 11 by CVD (Chemical 
Vapor Deposition) as a capacitor insulating ?lm. Then, a TiN 
?lm 13 is formed on the Ta2O5 ?lm 12 by CVD or PCD 
(Physical Vapor Deposition) as a top electrode. 

Subsequently, as shoWn in FIG. 11B, a resist pattern 14 
having an opening 14a is formed on the TiN ?lm 13 by a 
common lithography technique. 

Then, as shoWn in FIG. 11C, the TiN ?lm 13 and the 
Ta2O5 ?lm 12 are dry-etched by a common technique using 
the resist pattern 14 as a mask. For example, the etching is 
carried out by RIE (Reactive Ion Etching) using CF4 as 
etching gas at a ?oW rate of 20 ml/min (standard conditions) 
under pressure of 1.5 Pa and high frequency poWer of 600 
W. Thereafter, the resist pattern 14 used as the mask is 
removed by ashing using 02 gas at 2000 C., for example. 

In this manner, an opening 20 penetrating the TiN ?lm 13 
and the Ta2O5 ?lm 12 is formed to expose part of the ?rst 
interlayer insulating ?lm 11. At this time, an organic residue 
15 remains in the opening 20. Further, as detailed later, a 
deposit 16 may be generated in the opening 20. 

Then, as shoWn in FIG. 11D, the remainder (not shoWn) 
of the resist pattern 14 and the organic residue 15 in the 
opening 20 are removed by cleaning. For example, the 
cleaning is carried out using a polymeric cleaning solution 
containing amine at 700 C. for 5 minutes. 

The polymeric cleaning solution containing amine is a 
polymeric cleaning solution Which is used for cleaning 
semiconductor substrates including metal ?lms and contains 
mainly amine, a chelating agent, a pH adjuster and the like. 
Although APM (ammonium hydrogen peroxide mixture: 
NH4OH/H2O2) is Well knoWn as a cleaning solution for the 
semiconductor substrates, APM is not included in the amine 
containing polymeric cleaning solution mentioned herein. If 
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2 
SPM (sulfuric acid-hydrogen peroxide mixture: H2SO4/ 
H202) is used as the cleaning solution, H2O2 contained 
therein oxidiZes and dissolves the metal ?lm. Therefore, 
SPM cannot be used in this step. 
Even through this step, the deposit 16 is not removed and 

remains as it is. 
Then, as shoWn in FIG. 12A, a silicon oxide ?lm is 

formed on the TiN ?lm 13 by CVD as a second interlayer 
insulating ?lm 17. The second interlayer insulating ?lm 17 
?lls the opening 20, thereby burying the deposit 16 beloW 
the second interlayer insulating ?lm 17. 

Then, as shoWn in FIG. 12B, the second interlayer insu 
lating ?lm 17 Which ?lled the opening 20 is subjected to dry 
etching or the like to form a contact hole 17a reaching the 
semiconductor substrate 10. 
The contact hole 17a is formed so as not to contact the 

TiN ?lm 13 and the Ta2O5 ?lm 12. HoWever, if the deposit 
16 exists, the deposit 16 may be exposed in the contact hole 
1711. 

Then, as shoWn in FIG. 12C, tungsten is deposited by 
CVD to ?ll the contact hole 1711, thereby forming a contact 
plug 18. Ifthe deposit 16 is exposed in the contact hole 17a, 
the contact plug 18 comes into contact With the deposit 16. 

In this manner, the conventional capacitor is formed. 
In the step shoWn in FIG. 11C, halogen-based gas is 

generally used to dry-etch ?lms containing refractory metal 
such as the TiN ?lm 13 and the Ta2O5 ?lm 12. At this time, 
if ?uorine-based gas is used and left as it is after the etching, 
the ?uorine remainder reacts With metal, thereby generating 
metal ?uoride as the deposit 16. 

For example, Japanese Unexamined Patent Publication 
No. H6-l5l383 proposes a method for removing alkali 
metal ?uorides or alkaline-earth metal ?uorides remaining 
on the semiconductor substrate by oxidation using oxygen 
plasma or an oxidant solution. Therefore, if the deposit 
generated is alkali metal ?uoride or alkaline-earth metal 
?uoride, the deposit 16 is removed from the resulting 
capacitor, unlike the one as shoWn in FIG. 12C. 

SUMMARY OF THE INVENTION 

As a means for improving properties of devices in a 
semiconductor integrated circuit combined With DRAMs, 
the Ta2O5 ?lm and the TiN ?lm have been used as the 
capacitor insulating ?lm and the top electrode, respectively, 
as described above. In this case, if the opening 20 is formed 
in the TiN ?lm 13 and the Ta2O5 ?lm 12 by dry etching using 
?uorine-based gas, a titanium ?uoride-based deposit 16 is 
generated as shoWn in FIG. 11C. The deposit 16 is a product 
of a reaction betWeen titanium in the TiN ?lm 13 and 
?uorine remaining on the semiconductor substrate 10 and 
expressed as TiFx (x is l or more and 3 or less). “TiFx” 
appears throughout the speci?cation is the same as the one 
described above even if no particular description is given. 

Unlike the deposit mainly composed of alkali metal 
?uoride or alkaline-earth metal ?uoride, the titanium-based 
deposit 16 cannot be removed by the conventional treatment 
With oxygen plasma or an oxidant solution performed on the 
surface of the semiconductor substrate 10. Further, even if 
the semiconductor substrate is cleaned using a common 
polymeric cleaning solution, the deposit 16 cannot be 
removed and remains as shoWn in FIG. 11D. 

Since the deposit 16 remains in the obtained capacitor as 
shoWn in FIG. 12C, the deposit 16 brings about a short 
betWeen the TiN ?lm 13 as the top electrode and the contact 
plug 18 formed by ?lling the contact hole 17a in the second 
interlayer insulating ?lm 17 With tungsten. 
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In vieW of the above problem, an object of the present 
invention is to allow removal of a deposit mainly composed 
of metal ?uoride generated during the steps of manufactur 
ing capacitors of semiconductor devices, thereby reducing 
the occurrence of failure in electronic elements. 

To achieve the above object, the present invention pro 
vides a ?rst method for manufacturing an electronic device 
comprising the steps of: dry-etching a Ti-containing metal 
?lm formed on a substrate With a gas containing ?uorine; 
and treating the substrate With a chemical solution contain 
ing ?uorine ions after the dry etching step. 
When a Ti-containing metal ?lm is patterned by dry 

etching using a gas containing ?uorine, a deposit is gener 
ated. HoWever, the deposit is removed by the ?rst method 
for manufacturing the electronic device. The deposit is 
mainly composed of TiFx (x is l to 3) and dissolved aWay 
from the substrate by treating the substrate With a chemical 
solution containing ?uorine ions. TiO, Which constitutes the 
surface of the deposit, is also dissolved aWay in the same 
manner. 

The chemical solution is preferably an aqueous solution 
containing 0.1 mass % or more of hydro?uoric acid. 
By so doing, the deposit is surely dissolved in the chemi 

cal solution and removed from the substrate. 
The step of treating the substrate With the chemical 

solution preferably includes the step of reducing electron 
density at the surface of the substrate. 

If the electron density at the surface of the substrate is 
reduced, the ?uorine ions in the chemical solution are easily 
adsorbed onto the substrate. That is, since the ?uorine ions 
carry negative charges as expressed as F“, they are easily 
adsorbed onto the surface of the substrate When the density 
of electrons, Which are negative charges, is reduced at the 
substrate surface. As a result, the deposit is dissolved into the 
chemical solution at a higher reaction rate. Thus, the deposit 
is removed aWay from the substrate in a short time. 

It is preferable that the chemical solution used to treat the 
substrate to reduce the electron density at the surface of the 
substrate has hydrogen ion concentration pH of l or less. 

If the hydrogen ion concentration pH of the chemical 
solution is l or less, the electron density at the surface of the 
substrate is surely reduced by treating the substrate With the 
chemical solution. Therefore, the ?uorine ions contained in 
the chemical solution are easily adsorbed onto the surface of 
the deposit, thereby dissolving the deposit in the chemical 
solution With ease. 

It is preferred that the chemical solution used to treat the 
substrate to reduce the electron density at the surface of the 
substrate contains hydrochloric acid. 

Since hydrochloric acid contained in the chemical solu 
tion supplies hydrogen ions, the electron density at the 
surface of the substrate is surely reduced. As a result, the 
deposit is dissolved in the chemical solution at a higher 
reaction rate. 

It is preferred that the chemical solution contains hydro 
chloric acid to have hydrogen ion concentration pH of l or 
less. 
By so doing, the chemical solution contains ?uorine ions 

and has hydrogen ion concentration pH of l or less. There 
fore, the rate of dissolving the deposit in the chemical 
solution is surely increases. 

It is preferable that the method further comprises the step 
of reducing the electron density at the surface of the sub 
strate after the dry etching step and before the step of 
treating the substrate With the chemical solution. 

Since the density of electrons having negative charges has 
been reduced at the substrate surface, the ?uorine ions 
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4 
having negative charges are easily adsorbed onto the surface 
of the substrate during the treatment With the chemical 
solution. As a result, the deposit is dissolved in a short time 
and removed aWay from the substrate. 
The chemical solution containing ?uorine ions dissolves 

the deposit, but at the same time, it may cause damage to the 
substrate and the like. Therefore, the treatment With the 
chemical solution containing the ?uorine ions is preferably 
performed in a short time. 

If the substrate is treated to reduce the electron density at 
the surface of the substrate, time required for the treatment 
With the chemical solution is reduced. 

It is preferred that the electron density at the surface of the 
substrate is reduced by treating the surface of the substrate 
With hydrochloric acid. 
By so doing, hydrogen ions are ?rst adsorbed on the 

surface of the deposit by the treatment With hydrochloric 
acid. Then, if the treatment With the chemical solution 
containing ?uorine ions is performed in this state, the 
?uorine ions are adsorbed quickly onto the surface of the 
deposit because the hydrogen ions have been adsorbed on 
the surface of the deposit. 

It is preferred that a voltage is applied to the substrate to 
reduce the electron density at the surface of the substrate. 
By the voltage application, the electron density at the 

surface of the substrate is reduced. Therefore, during the 
folloWing treatment With the chemical solution, the ?uorine 
ions are quickly adsorbed onto the surface of the deposit. As 
a result, the deposit is dissolved aWay from the substrate in 
a short time. 

To achieve the above-described object, a second method 
for manufacturing an electronic device according to the 
present invention comprising the steps of: dry-etching a 
Ti-containing metal ?lm formed on a substrate With a ?rst 
gas containing ?uorine; treating the substrate With plasma of 
a second gas containing ?uorine after the dry etching step; 
and treating the surface of the substrate With Water or an 
aqueous solution after the plasma treatment step. 

According to the second method for manufacturing the 
electronic device, the deposit mainly composed of TiFX 
Which is generated during the step of dry-etching a Ti 
containing metal ?lm With a ?rst gas containing ?uorine is 
converted into TiF5 or TiF6 by treating With plasma of a 
second gas containing ?uorine. Since TiFx Which is 
insoluble in Water is converted into TiF5 or TiF6 Which is 
soluble in Water, the deposit is removed by treating the 
surface of the substrate With Water or an aqueous solution 
after the plasma treatment using the second gas. 
The second gas containing ?uorine is preferably a gas 

containing NF3. 
By so doing, TiFX as the deposit is surely converted into 

TiF5 or TiF6. Therefore, the deposit is surely removed by the 
folloWing treatment With Water or an aqueous solution. 

To achieve the above-described object, a third method for 
manufacturing an electronic device according to the present 
invention comprises the steps of: dry-etching a Ti-contain 
ing metal ?lm formed on a substrate With a gas containing 
?uorine; treating the substrate With gaseous HF diluted With 
inert gas after the dry etching step; and treating the surface 
of the substrate With Water or an aqueous solution after the 
treatment With the gaseous HF. 

According to the third method for manufacturing the 
electronic device, the deposit mainly composed of TiFX 
Which is generated during the step of dry-etching a Ti 
containing metal ?lm With a ?rst gas containing ?uorine is 
converted into TiF5 or TiF6 through treatment With gaseous 
HF diluted With inert gas. Since TiFx Which is insoluble in 
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Water is converted into TiF5 or TiF6 Which is soluble in 
Water, the deposit is removed by treating the surface of the 
substrate With Water or an aqueous solution. 

It is preferred that the gaseous HF diluted With the inert 
gas has a HP concentration of 0.1 mass % or more and 4.0 
mass % or less. 

By so doing, damage to the TiN ?lm, if formed on the 
substrate, is controlled and the deposit is removed With 
reliability. 
As described above, according to the method for manu 

facturing the electronic device of the present invention, the 
deposit containing TiFx generated on the substrate is 
removed by treatment With a chemical solution containing 
?uorine ions, treatment With plasma of a ?uorine-containing 
gas or treatment With gaseous HF diluted With inert gas. 
Therefore, even if a metal ?lm containing Ti is formed and 
patterned by dry etching using ?uorine-based gas in the 
course of the manufacture of the electronic device, defects 
such as a short caused by the deposit are prevented from 
occurring, thereby reducing the occurrence of failure in 
electronic elements such as semiconductor elements. Thus, 
the present invention is useful in improving manufacturing 
yield. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A to ID are vieWs illustrating the steps of a 
method for manufacturing an electronic device according to 
Embodiments l to 6 of the present invention. 

FIGS. 2A to 2D are vieWs illustrating the steps of the 
method for manufacturing the electronic device according to 
Embodiments l to 6 of the present invention. 

FIGS. 3A to 3C are vieWs illustrating a batch-type single 
bath cleaning apparatus used in Embodiments l to 3 of the 
present invention and a method for removing a deposit With 
the apparatus. 

FIGS. 4A to 4C are vieWs illustrating the deposit and the 
steps of removing the deposit. 

FIG. 5 is a graph illustrating a relationship betWeen the 
concentration of HP in a chemical solution used for remov 
ing the deposit and the etch rate of the deposit. 

FIG. 6 is a graph illustrating a relationship betWeen the 
concentration of hydrogen ions in the chemical solution used 
for removing the deposit and the etch rate of the deposit. 

FIG. 7 is a vieW illustrating the structure of a plasma 
treatment apparatus used for removing the deposit according 
to the method for manufacturing the electronic device of 
Embodiment 4 of the present invention. 

FIGS. 8A and 8B are schematic vieWs illustrating treat 
ment apparatuses used for removing the deposit according to 
the method for manufacturing the electronic device of 
Embodiment 5 of the present invention, FIG. 8A shoWs a 
treatment apparatus used for treatment With gaseous HF and 
FIG. 8B shoWs a rinsing apparatus used for rinsing treat 
ment. 

FIG. 9 is a vieW illustrating the structure of a treatment 
apparatus used for removing the deposit according to the 
method for manufacturing the electronic device of Embodi 
ment 6 of the present invention. 

FIG. 10 shoWs an equation of a reaction betWeen titanium 
and ?uorine ion. 

FIGS. 11A to 11D are vieWs illustrating the steps of a 
conventional method for manufacturing a semiconductor 
device. 

FIGS. 12A to 12C are vieWs illustrating the steps of the 
conventional method for manufacturing the semiconductor 
device. 
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6 
DETAILED DESCRIPTION OF THE 

INVENTION 

Embodiment l 

Hereinafter, With reference to the draWings, an explana 
tion is given of Embodiment l of the present invention. 

FIGS. 1A to 1D and FIGS. 2A to 2D illustrate the steps of 
a method for manufacturing an electronic device according 
to Embodiment l of the present invention. In this embodi 
ment, a semiconductor device is fabricated as the electronic 
device. 

First, as shoWn in FIG. 1A, a silicon oxide ?lm is formed 
on a semiconductor substrate 100 made of silicon by CVD 
as a ?rst interlayer insulating ?lm 101. Then, a Ta2O5 ?lm 
102 is formed on the ?rst interlayer insulating ?lm 101 by 
CVD as a capacitor insulating ?lm. Further, a TiN ?lm 103 
is formed on the Ta2O5 ?lm 102 by CVD or PVD as a top 
electrode. 

Then, as shoWn in FIG. 1B, a resist pattern 104 having an 
opening 10411 is formed on the TiN ?lm 103 by a common 
lithography technique. 

Then, using the resist pattern 104 as a mask, the TiN ?lm 
103 and the Ta2O5 ?lm 102 are dry-etched by a common 
technique as shoWn in FIG. 1C. More speci?cally, the 
etching is carried out by RIE using CF4 as etching gas at a 
?oW rate of 20 ml/min (standard conditions) under pressure 
of 1.5 Pa and high frequency poWer of 600 W. Thereafter, the 
resist pattern 104 used as a mask is removed by ashing using 
O2 gas at 2000 C. 

In this manner, an opening 120 penetrating the TiN ?lm 
103 and the Ta2O5 ?lm 102 is formed to expose part of the 
?rst interlayer insulating ?lm 101. At this time, an organic 
residue 105 remains in the opening 120. 
When the etching is carried out using etching gas con 

taining ?uorine (P) such as CF4, F contained in the etching 
gas remains and reacts With Ti contained in the TiN ?lm 103, 
thereby generating a deposit 106 containing TiFx (x is l or 
more and 3 or less). The deposit 106 cannot be removed 
even by the ashing described above. 

Then, as shoWn in FIG. 1D, the remainder of the resist 
pattern 104 (not shoWn) and the organic residue 105 remain 
ing in the opening 120 are removed by cleaning. For 
example, the cleaning is carried out by batch spray cleaning 
using a polymeric cleaning solution containing amine at a 
?oW rate of 10 l/min at 700 C. for 5 minutes. Or alternatively, 
the cleaning may be carried out in a single-Wafer cleaning 
apparatus using a polymeric cleaning solution containing 
amine a ?oW rate of 1 l/min, 700 C. and 1,000 rpm and for 
30 seconds. HoW to clean the substrate is not particularly 
limited. 
Even through the cleaning step, the deposit 106 is not 

removed but remains as it is. 
The deposit 106 is removed as shoWn in FIG. 2A. In this 

embodiment, as described later in detail, a chemical solution 
containing 0.1 mass % or more of HE is used for the 
removal. 

Then, as shoWn in FIG. 2B, a silicon oxide ?lm is formed 
on the TiN ?lm 103 by CVD as a second interlayer insu 
lating ?lm 107. The second interlayer insulating ?lm 107 
?lls the opening 120. 

Then, as shoWn in FIG. 2C, the second interlayer insu 
lating ?lm 107 Which ?lled the opening 120 is subjected to 
dry etching to form a contact hole 107a reaching the 
semiconductor substrate 100. At this time, the contact hole 
10711 is formed so as not to contact the TiN ?lm 103 and the 

Ta2O5 ?lm 102. 
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Then, as shown in FIG. 2D, tungsten is deposited by CVD 
to ?ll the contact hole 107a, thereby forming a contact plug 
108. 

In this manner, a semiconductor device is manufactured. 
Since the deposit 106 has been removed, there is no possi 
bility of causing a short betWeen the TiN ?lm 103 as the top 
electrode and the contact plug 108 due to the existence of the 
deposit 106. 

Then, an explanation is given of the step of removing the 
deposit 106 as shoWn in FIG. 2A. 

FIGS. 3A to 3C illustrate the steps of removing the 
deposit 106 using a batch-type single bath cleaning appa 
ratus. 

As shoWn in FIGS. 3A to 3C, the cleaning apparatus 
includes a cleaning bath 201 containing a chemical solution 
202 and is so con?gured that a semiconductor substrate 203 
is placed on a substrate support 204 provided in the cleaning 
bath 201. At the bottom of the cleaning bath 201, at least one 
chemical solution feed noZZle 205 and at least one pure 
Water feed noZZle 206 are provided (the noZZles are provided 
in pairs, respectively, in the apparatus shoWn in FIGS. 3A to 
3C). 

The semiconductor substrate 203 is, for example, a semi 
conductor substrate Which has gone through the steps before 
the step of FIG. 1D and on Which the deposit 106 has been 
generated. 

To remove the deposit 106 using the above-described 
cleaning apparatus, ?rst, a chemical solution 202 containing 
0.1 mass % or more of HP is fed from the chemical solution 
feed noZZle 205 into the cleaning bath 201 in Which the 
semiconductor substrate 203 has been placed. More speci? 
cally, the chemical solution is DHF (diluted hydro?uoric 
acid) prepared in the ratio of HF:H2O:1:500. At this time, 
DHF ?oWs in a direction indicated by arroWs. 

Then, as shoWn in FIG. 3B, the semiconductor substrate 
203 is kept immersed in DHF for 30 seconds, for example. 
By so doing, the deposit 106 is dissolved in DHF and 
removed. 

Then, as shoWn in FIG. 3C, pure Water 20211 is fed into the 
cleaning bath 201 from the pure Water feed noZZle 206 
provided at the bottom of the cleaning bath 201. At this time, 
pure Water is fed in an amount over the volume of the 
cleaning bath 201, thereby discharging DHF contained in the 
cleaning bath 201 from the top of the cleaning bath 201. 

In this manner, the deposit 106 generated on the semi 
conductor substrate is removed. Hereinafter, an explanation 
is given of hoW the removal is achieved, i.e., hoW the 
chemical solution containing ?uorine ions removes the 
deposit 106. 

FIGS. 4A to 4C are schematic vieWs illustrating the 
deposit 106 generated on the semiconductor substrate 100 
and the step of removing the deposit 106 generated on the 
semiconductor substrate 100. 
As shoWn in FIG. 4A, the deposit 106 is generated to 

contact the ?rst interlayer insulating ?lm 101, the side 
surface of the Ta2O5 ?lm 102 and the TiN ?lm 103. The 
deposit 106 is composed of a TiO outer layer 106a and a 
TiFx part 1061) covered With the TiO outer layer 106a. 

Therefore, the TiO outer layer 10611 is ?rst dissolved aWay 
as shoWn in FIG. 4B and then the TiFx part 1061) is removed 
as shoWn in FIG. 4C. 

FIG. 10 shoWs an equation of the reaction betWeen 
titanium and ?uorine ions contained in the chemical solu 
tion. 

It is considered that TiFx (x is 1 to 3), Which is a solid 
hardly soluble-in-Water, is converted into TiF62_ by feeding 
more ?uorine ions F“ and then dissolved aWay. An oxida 
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8 
tion-reduction potential in this reaction is —1 .191 V, Whereas 
hydro?uoric acid has an oxidation-reduction potential of 
about 0.7 to 1.0 V. Therefore, by cleaning With hydro?uoric 
acid, the reaction product is further oxidiZed and converted 
into TiF62_, and then dissolved aWay. 
TiO is also converted into TiF62_ by feeding F“ and then 

dissolved aWay. 
The equation and the oxidation-reduction potential shoW 

that TiFx and TiO are converted into TiF62_ and dissolved 
aWay in the presence of HF. Referring to FIG. 5, the 
concentration of HP in the solution and the etch rate of the 
deposit establish a certain relationship. More speci?cally, 
When the HF concentration is loWer than 0.1 mass %, the 
etch rate of the deposit 106 is very loW. On the other hand, 
When the HF concentration reaches 0.1 mass % or more, the 
etch rate suddenly increases. 

In vieW of the relationship, it is assumed that the disso 
lution of the TiO outer layer 106a determines the etch rate 
of the deposit 106. That is, the TiO outer layer 10611 which 
is harder to dissolve than the TiFx part 1061) must be 
dissolved aWay ?rst. Then, after the TiO outer layer 10611 has 
been removed, the TiFx part 1061) is quickly removed. Thus, 
it is understood that the deposit 106 is preferably removed 
by treatment With a chemical solution containing 0.1 mass % 
or more of HF. 

A consideration on the upper limit of the HF concentra 
tion in the chemical solution used for removing the deposit 
106 is described beloW. 
When the semiconductor substrate is treated With DHF to 

remove the deposit 106, the ?rst interlayer insulating ?lm 
101 is also dissolved together With the deposit 106. Depend 
ing on the structure and properties of semiconductor ele 
ments to be manufactured, an alloWable etch amount of the 
?rst interlayer insulating ?lm 101 varies (an etch amount up 
to Which serious in?uence is not caused on the properties of 
the semiconductor elements during the removal of the 
deposit 106). Therefore, if precision in processing the semi 
conductor elements permits, the HF concentration may be 
increased. On the other hand, if the precision does not 
permit, the HF concentration must be reduced and therefore 
the treatment is carried out With a loW concentration chemi 
cal solution containing 0.1 mass % or around. In this Way, 
the upper limit of the HF concentration must be determined 
case by case depending on the conditions. 
As described above, according to the method for manu 

facturing the electronic device of the present invention, the 
deposit 106 is removed by treatment using the chemical 
solution containing ?uorine such as DHF. This prevents the 
occurrence of defects such as a short caused by the deposit, 
thereby reducing the occurrence of failure in the semicon 
ductor elements. 

Further, the etching selective ratio betWeen the TiN ?lm 
103 and the deposit 106 is about 4,000 When the HF 
concentration is 0.1 mass %, for example. Therefore, the 
treatment for removing the deposit 106 is carried out While 
the TiN ?lm 103 is hardly etched. 

In this embodiment, the deposit 106 is removed using the 
batch-type single bath cleaning apparatus. HoWever, a 
single-Wafer cleaning apparatus or other cleaning appara 
tuses may also be used. 

Embodiment 2 

NoW, With reference to the draWings, an explanation is 
given of Embodiment 2 of the present invention. 

FIGS. 1A to 1D and FIGS. 2A to 2D illustrate the steps of 
a method for manufacturing an electronic device according 
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to Embodiment 2 of the present invention. Embodiment 2 is 
different from Embodiment 1 in the step of removing the 
deposit 106 corresponding to FIG. 2A. Therefore, in this 
embodiment, the removal step is described in detail and an 
explanation of the other steps same as those of Embodiment 
1 is omitted. 

Also in this embodiment, a batch-type single bath clean 
ing apparatus as shoWn in FIGS. 3A to 3C is used to remove 
the deposit 106 in the same manner. What is different from 
Embodiment 1 is the chemical solution used. That is, the 
chemical solution used in Embodiment 2 contains, in addi 
tion to 0.1 mass % or more of HF as described in Embodi 
ment 1, hydrogen ions at a high concentration to have pH of 
1 or less. Examples of such a chemical solution includes a 
chemical solution containing 0.1 mass % of HF and 0.9 mass 
% of hydrochloric acid. Hereinafter, the step of removing the 
deposit 106 of this embodiment is explained. 

First, as shoWn in FIG. 3A, a semiconductor substrate 203 
is placed on a substrate support 204 provided in a cleaning 
bath 201. Then, a chemical solution 202 containing 0.1 mass 
% of HF and 0.9 mass % of hydrochloric acid is fed into the 
cleaning bath 201 through a chemical solution feed noZZle 
205. 

Then, as shoWn in FIG. 3B, the semiconductor substrate 
203 is kept immersed in the chemical solution 202 for 30 
seconds. 

Then, as shoWn in FIG. 3C, pure Water 20211 is fed from 
a pure Water feed noZZle 206 provided at the bottom of the 
cleaning bath 201. At this time, pure Water is fed in an 
amount over the volume of the cleaning bath 201, thereby 
discharging the chemical solution 202 contained in the 
cleaning bath 201 from the top of the cleaning bath 201. 

In this manner, the deposit 106 generated on the semi 
conductor substrate is removed. Hereinafter, an explanation 
is given of Why the use of the chemical solution having pH 
of 1 or less is effective. 
As described in Embodiment 1, TiFx, the deposit 106, is 

dissolved through the reaction With ?uorine ions F“ con 
tained in the chemical solution. If acid is added to the 
chemical solution containing HF, the concentration of 
hydrogen ions in the chemical solution increases. Then, H+ 
is adsorbed on the surface of the deposit and electron density 
at the surface of the deposit decreases. Since the electron 
density decreases to reduce electric repulsion and H+ has 
been adsorbed on the surface of the deposit, F- is easily 
attracted to the surface of the deposit and adsorbed thereon. 

In this Way, use of the chemical solution of high hydrogen 
ion concentration alloWs an increase in reactivity, thereby 
removing the deposit With higher e?iciency. In particular, a 
signi?cant effect is exhibited by use of the chemical solution 
having pH of 1 or less. 

FIG. 6 shoWs a relationship betWeen pH and the etch rate 
of the deposit When the HF concentration is 0.1 mass %. As 
apparent from the ?gure, the etch rate increases With a 
decrease in pH While the HF concentration is kept constant. 
For example, if hydrochloric acid is added to the chemical 
solution containing 0.1 mass % of HP in a concentration of 
0.9 mass %, pH 2.2 of the chemical solution containing HF 
only decreases to pH 0.4 and the etch rate of the deposit 
increases from 150 nm/min to 400 nm/min. 
As described above, in this embodiment, time required for 

removing the deposit is reduced by increasing the hydrogen 
ion concentration in the chemical solution Without increas 
ing the HF concentration. Further, since the treatment time 
is reduced, the etch amount of the ?rst interlayer insulating 
?lm 101 is reduced. Therefore, ?ne patterning is carried out 
With improved precision. 
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10 
Also in this embodiment, other cleaning apparatuses than 

the batch-type single bath cleaning apparatus may also be 
used for the removal of the deposit 106. 

In order to increase the hydrogen ion concentration in the 
chemical solution, other acids than hydrochloric acid may be 
used. HoWever, sulfuric acid, for example, must be used at 
high temperatures because it is highly viscous. Further, if 
nitric acid is used in combination With hydro?uoric acid, 
silicon is undesirably etched. Therefore, among various 
common acids, it is preferred to use hydrochloric acid. 

Embodiment 3 

NoW, With reference to the draWings, an explanation is 
given of Embodiment 3 of the present invention. 

FIGS. 1A to 1D and FIGS. 2A to 2D illustrate the steps of 
a method for manufacturing an electronic device according 
to Embodiment 3 of the present invention. Embodiment 3 is 
different from Embodiment 1 in the step of removing the 
deposit 106 corresponding to FIG. 2A. Therefore, in this 
embodiment, the removal step is described in detail and an 
explanation of the other steps same as those of Embodiment 
1 is omitted. 
Also in this embodiment, the batch-type single bath 

cleaning apparatus shoWn in FIGS. 3A to 3C is used in the 
step of removing the deposit 106, but the chemical solution 
used and hoW to remove the deposit are different from 
Embodiment 1. Hereinafter, an explanation is given of the 
step of removing the deposit 106 in this embodiment. 

First, as shoWn in FIG. 3A, the semiconductor substrate 
203 is placed on the substrate support 204 in the cleaning 
bath 201. The semiconductor substrate 203 has gone through 
the steps before the step shoWn in FIG. 1D. The ?rst 
interlayer insulating ?lm 101, Ta2O5 ?lm 102, TiN ?lm 103 
and the like have been formed thereon and the deposit 106 
has been generated thereon. 

Then, hydrochloric acid is fed from the chemical solution 
feed noZZle 205 to ?ll the cleaning bath 201. Then, DHF 
(diluted hydro?uoric acid) prepared in the ratio of 
HF:H2O:1:500 is fed into the cleaning bath 201 in an 
amount over the volume of the cleaning bath 201. As a 
result, hydrochloric acid Which has been ?rst introduced into 
the cleaning bath 201 is all discharged from the top of the 
cleaning bath 201 on an upWard ?oW and the cleaning bath 
201 is ?lled With DHF. Thereafter, as shoWn in FIG. 3B, the 
semiconductor substrate 203 is kept immersed in DHF for 
30 seconds including time required for feeding DHF. 

Then, as shoWn in FIG. 3C, pure Water 20211 is fed into the 
cleaning bath 201 through the pure Water feed noZZle 206 to 
rinse the semiconductor substrate 203. 

In this manner, the deposit 106 generated on the semi 
conductor substrate is removed. Hereinafter, an explanation 
is given of the effect caused by feeding DHF after immersing 
the semiconductor substrate into hydrochloric acid. 
When hydrochloric acid is fed into the cleaning bath 201, 

pH in the cleaning bath 201 is reduced uniformly. Therefore, 
electron density at the surface of the semiconductor sub 
strate 203 placed on the cleaning bath 201 is reduced 
uniformly. 
As described in Embodiment 2, When DHF is fed into the 

cleaning bath With the electron density at the surface of the 
substrate reduced, ?uorine ions F“ are easily adsorbed onto 
the surface of the deposit 106, thereby removing the deposit 
106 With e?iciency. Further, in this embodiment, since the 
electron density at the surface of the semiconductor sub 
strate 203 has been reduced, the deposit 106 is removed 
more uniformly from the surface of the substrate 203. 
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In this embodiment, DHF prepared in the ratio of 
HF:H2O:1 1500 is used as the chemical solution for remov 
ing the deposit 106. However, this is not essential. In the 
same manner as in Embodiment 1, the effect of this embodi 
ment is surely obtained as long as the chemical solution used 
contains 0.1 mass % or more of HF and does not decrease 
the precision in processing the semiconductor element to be 
manufactured. 
As the chemical solution used after the immersion of the 

substrate 203 into hydrochloric acid, a solution mixed With 
hydrochloric acid to increase the hydrogen ion concentration 
may be used in the same manner as Embodiment 2. For 
example, a chemical solution containing 0.7 mass % of 
hydrochloric acid and 0.1 mass % of HF may be used. In this 
case, the effect of this embodiment is surely obtained as long 
as the chemical solution used shoWs pH of 1 or less, contains 
0.1 mass % or more of HF and does not decrease the 
precision in processing the semiconductor element to be 
manufactured. 

Also in this embodiment, other cleaning apparatuses than 
the batch-type single bath cleaning apparatus may be used to 
remove the deposit 106. 

Embodiment 4 

NoW, With reference to the draWings, an explanation is 
given of Embodiment 4 of the present invention. 

FIGS. 1A to 1D and FIGS. 2A to 2D illustrate the steps of 
a method for manufacturing an electronic device according 
to Embodiment 4 of the present invention. Embodiment 4 is 
different from Embodiment 1 in the step of removing the 
deposit 106 corresponding to FIG. 2A. Therefore, in this 
embodiment, the removal step is described in detail and an 
explanation of the other steps same as those of Embodiment 
1 is omitted. 

In this embodiment, the deposit 106 is removed by plasma 
treatment using NF3 gas and the folloWing rinsing treatment. 

FIG. 7 is a schematic vieW illustrating an example of a 
plasma treatment apparatus used in this embodiment. 

The plasma treatment apparatus includes a sample stage 
302 provided in a chamber 301 so that a semiconductor 
substrate 303 is placed thereon. The chamber 301 is pro 
vided With an inlet 304a and an outlet 3041) so that gas is 
introduced into the chamber 301 through the inlet 304a and 
discharged out of the chamber 301 through the outlet 30419. 
A top electrode 305 is provided above the chamber 301 

and ?rst high frequency poWer is applied thereto from a ?rst 
high frequency poWer supply 306 connected to the top 
electrode 305. 

Further, a second high frequency poWer supply 307 is 
connected to the sample stage 302 and second high fre 
quency poWer is applied thereto. 

With the thus con?gured plasma treatment apparatus, the 
semiconductor substrate 303 Which has gone through the 
steps before the step shoWn in FIG. 1D and on Which the 
deposit 106 has been generated is treated With plasma. 
More speci?cally, ?rst, the semiconductor substrate 303 is 

placed on the sample stage 302. 
Then, for example, NF3 gas is introduced from the inlet 

30411 at a ?oW rate of 100 ml/min (standard conditions) 
under pressure of 133 Pa. A high frequency poWer of 600 W 
is applied from the ?rst high frequency poWer supply 306 
and a high frequency poWer of 100 W is applied from the 
second high frequency poWer supply 307. In this Way, 
plasma treatment is carried out for 30 seconds. HoWever, the 
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12 
above-described plasma treatment conditions are merely an 
example and have been established Without any particular 
limitation. 

Through this treatment, TiFx (x is 1 to 3) Which is a 
component of the deposit 106 and ?uorine contained in the 
plasma of the NF3 gas produce TiF5 or TiF6 Which is soluble 
in Water. Further, the TiO outer layer 10611 of the deposit 106 
(see FIG. 4A) also reacts With ?uorine to become TiF5 or 
TiF6. 

After the plasma treatment, the semiconductor substrate 
303 is rinsed. For example, the semiconductor substrate 303 
is transferred to a rinsing apparatus (not shoWn) and rinsed 
With pure Water for 10 minutes. Since the deposit 106 has 
been converted into a Water-soluble component (Til:5 or 
TiF6), the deposit 106 is removed aWay from the substrate by 
the rinsing treatment. 

In this manner, according to the method for manufactur 
ing the electronic device of Embodiment 4, the plasma 
treatment and the folloWing rinsing treatment achieve the 
removal of the deposit 106. Therefore, according to the 
method for manufacturing the electronic device of Embodi 
ment 4, defects such as a short caused by the deposit are 
prevented from occurring, thereby reducing failure in the 
semiconductor elements. 

In this embodiment, the plasma treatment is performed 
With the NF3 gas. HoWever, the gas is not limited thereto and 
any gas is available as long as it contains a ?uorine element. 
For example, CF4, CHF3 and the like are applicable. The gas 
may also be a mixture of several kinds of gases. 
The rinsing of the semiconductor substrate 303 after the 

plasma treatment is carried out With pure Water, but the 
present invention is not limited thereto. In place of the pure 
Water, any chemical solution may be used as long as it does 
not dissolve the TiN ?lm 103. For example, an aqueous 
solution of HF, HCl or the like may be used. 

Embodiment 5 

NoW, With reference to the draWings, an explanation is 
given of Embodiment 5 of the present invention. 

FIGS. 1A to 1D and FIGS. 2A to 2D illustrate the steps of 
a method for manufacturing an electronic device according 
to Embodiment 5 of the present invention. Embodiment 5 is 
different from Embodiment 1 in the step of removing the 
deposit 106 corresponding to FIG. 2A. Therefore, in this 
embodiment, the removal step is described in detail and an 
explanation of the other steps same as those of Embodiment 
1 is omitted. 

In this embodiment, the deposit 106 is removed by 
treatment With gaseous HF and the folloWing rinsing treat 
ment. The gaseous HF mentioned herein is a gaseous 
mixture of N2 used as inert gas and HF. 

FIGS. 8A and 8B are schematic vieWs illustrating treat 
ment apparatuses used for the removal of the deposit 106 in 
this embodiment. FIG. 8A shoWs a treatment apparatus for 
the treatment With gaseous HF and FIG. 8B shoWs a rinsing 
apparatus for the rinsing treatment. Hereinafter, the structure 
of the apparatuses is described. 
The treatment apparatus shoWn in FIG. 8A includes a ?rst 

sample stage 402 Which is provided in a ?rst chamber 401 
so that a semiconductor substrate 403 is placed thereon. The 
?rst chamber 401 is provided With a gas feed noZZle 404 for 
feeding gas into the ?rst chamber 401 and an outlet 405 for 
discharging the gas out of the ?rst chamber 401. 
The rinsing apparatus shoWn in FIG. 8B includes a second 

sample stage 452 Which is provided in a second chamber 451 
so that a semiconductor substrate 453 is placed thereon. 
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The second sample stage 452 is connected to a drive (not 
shown) provided below the second chamber 451 via a shaft 
452a such that the sample stage 452 rotates about the shaft 
452a. 

Further, a pure Water feed noZZle 454 is provided at the 
top of the second chamber 451 so that pure Water is fed onto 
the semiconductor substrate 453. 
NoW, an explanation is given of hoW to remove the 

deposit 106 using these apparatuses in this embodiment. 
First, With the treatment apparatus shoWn in FIG. 8A, the 

semiconductor substrate 403 Which has gone through the 
steps before the step shoWn in FIG. 1D and on Which the 
deposit 106 has been generated is subjected to treatment 
With gaseous HF. 
More speci?cally, ?rst, the semiconductor substrate 403 is 

placed on the sample stage 402. 
Then, gaseous HF, Which is a gaseous mixture prepared 

by mixing anhydrous hydrogen ?uoride With N2 gas in a 
concentration of 0.5 mass %, is fed into the ?rst chamber 
401 through the gas feed noZZle 404. In this manner, the 
semiconductor substrate 403 is subjected to the gaseous HF 
treatment for 30 seconds. 
By so doing, TiFx (x is 1 to 3) Which is a component of 

the deposit 106 and ?uorine contained in the gaseous HF 
produce TiF5 or TiF6 Which is soluble in Water. The TiO 
outer layer 10611 of the deposit 106 (see FIG. 4A) is also 
converted into TiF5 or TiF6 through the reaction With ?uo 
r1ne. 

Then, With the rinsing apparatus shoWn in FIG. 8B, the 
semiconductor substrate treated With the gaseous HE is 
rinsed. 

Before rinsing, the semiconductor substrate 403 treated 
With the gaseous HE is taken out of the gaseous HF 
treatment apparatus and placed on the second sample stage 
452 of the rinsing apparatus as the semiconductor substrate 
453. 

Then, While the second sample stage 452 is rotated, pure 
Water is fed onto the semiconductor substrate 453 from the 
pure Water feed noZZle 452. In this Way, the semiconductor 
substrate 453 is rinsed With pure Water for 10 minutes. 

Since the deposit 106 has been converted into a Water 
soluble component through the gaseous HF treatment, the 
deposit 106 is removed aWay by the folloWing rinsing With 
pure Water. Thus, according to the method for manufacturing 
the electronic device of this embodiment, defects such as a 
short caused by the deposit is prevented from occurring, 
thereby reducing failure in the semiconductor elements. 

In this embodiment, the gaseous HF used contains 0.5 
mass % of anhydrous hydrogen ?uoride, but the present 
invention is not limited thereto. For example, the effect of 
this embodiment is surely obtained by using gaseous HF 
containing 0.1 mass % or more and 4.0 mass % or less of 
anhydrous hydrogen ?uoride. That is, as long as the con 
centration of anhydrous hydrogen ?uoride is 0.1 mass % or 
more and 4.0 mass % or less, the deposit 106 is surely 
removed While damage to the TiN ?lm 103 is controlled. 

In this embodiment, the semiconductor substrate 453 is 
rinsed With pure Water after the gaseous HF treatment. 
HoWever, this is not limitative and any chemical solution 
may be used for the rinsing as long as it does not dissolve 
the TiN ?lm 103. For example, an aqueous solution of HP 
or HCl may be used. 

Embodiment 6 

NoW, With reference to the draWings, an explanation is 
given of Embodiment 6 of the present invention. 
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FIGS. 1A to 1D and FIGS. 2A to 2D illustrate the steps of 

a method for manufacturing an electronic device according 
to Embodiment 6 of the present invention. Embodiment 6 is 
different from Embodiment 1 in the step of removing the 
deposit 106 corresponding to FIG. 2A. Therefore, in this 
embodiment, the removal step is described in detail and an 
explanation of the other steps same as those of Embodiment 
1 is omitted. 

In this embodiment, the deposit 106 is removed by 
treatment With a chemical solution containing ?uorine ions 
While a voltage is applied to the semiconductor substrate. 
More speci?cally, the semiconductor substrate is treated 
With a chemical solution containing 0.1 mass % or more of 
HF While a voltage of 0.1 V or higher is applied to the 
semiconductor substrate. 

FIG. 9 is a schematic vieW illustrating an example of a 
treatment apparatus used in this embodiment. 
The treatment apparatus includes a horizontally rotatable 

sample stage 502 provided in a chamber 501 such that a 
semiconductor substrate 503 is placed thereon. Further, a 
chemical solution feed noZZle 504 is provided at the top of 
the chamber 501 to feed a chemical solution onto the 
semiconductor substrate 503. A pure Water feed noZZle 505 
is provided at the side of the chamber 501 to feed pure Water 
onto the semiconductor substrate 503. HoWever, it should be 
understood that the apparatus is not limited to this structure. 

The sample stage 502 is electrically connected to a direct 
current poWer supply 506 so that a voltage is applied to the 
semiconductor substrate 503 placed on the sample stage 
502. 

With the above-described apparatus, the semiconductor 
substrate 503 Which has gone through the steps before the 
step shoWn in FIG. 1D and on Which the deposit 106 has 
been generated is treated in the folloWing manner. 

First, the semiconductor substrate 503 is placed on the 
sample stage 502. 

Then, a voltage of 0.1 V is applied to the semiconductor 
substrate 503 from the direct current poWer supply 506 and 
a chemical solution containing 0.1 mass % or more of HE is 
fed onto the semiconductor substrate 503 through the chemi 
cal solution feed noZZle 504. At this time, the sample stage 
502 is rotated to rotate the semiconductor substrate 503. In 
this Way, the semiconductor substrate 503 is treated for 30 
seconds. 

Then, pure Water is fed onto the semiconductor substrate 
503 from the pure Water feed noZZle 505 to rinse the 
substrate for 10 minutes. 

According to the above-described method, the voltage 
application to the semiconductor substrate 503 alloWs reduc 
ing electron density at the surface of the deposit 106 
generated on the semiconductor substrate 503. Therefore, 
?uorine ions F“ are easily adsorbed onto the surface of the 
deposit 106, thereby promoting the reaction of dissolving 
the deposit 106 aWay in the same manner as described in 
Embodiment 2. 

As a result, time required for removing the deposit is 
reduced Without increasing the HF concentration. Further, 
since the treatment time is reduced, the amount of the ?rst 
interlayer insulating ?lm 101 or the like etched during the 
treatment is reduced. This alloWs an improvement in preci 
sion in ?ne patterning. 

In this embodiment, a voltage of 0.1 V is applied to the 
semiconductor substrate 503. HoWever, the voltage is not 
limited to 0.1 V and the effect of this embodiment is surely 
obtained as long as the voltage is 0.1 V or higher. 
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In Embodiments 1 to 6, the substrates used are semicon 
ductor substrates. However, the substrates may be other 
substrates such as insulating substrates. 

In Embodiments 1 to 6, the method for manufacturing the 
electronic device is explained in connection to the manu 
facture of a semiconductor device. HoWever, the electronic 
device mentioned in the present invention is not limited to 
the semiconductor device. 

In Embodiments 1 to 6, the TiN ?lm is taken as an 
example of the Ti-containing metal ?lm, but the metal ?lm 
containing Ti is not limited to the TiN ?lm only. For 
example, a ?lm made of TiAlN or TiSiN (used as a barrier 
metal) may also be applicable. In addition, a BST ?lm 
(Ba0_5SrO_5TiO3 ?lm used as a dielectric ?lm) or a Ti ?lm may 
also be used. 

The deposit containing titanium ?uoride is removed by 
the method of the present invention regardless of the cause 
of the generation thereof. That is, the deposit mentioned 
herein is not limited to the one generated through etching of 
a Ti-containing ?lm using ?uorine-containing gas. For 
example, the method of the present invention is also appli 
cable to the removal of a compound containing titanium 
?uoride produced through ashing using a ?uorine-contain 
ing gas. 
What is claimed is: 
1. A method for manufacturing an electronic device 

comprising the steps of: 
dry-etching a Ti-containing metal ?lm formed on a sub 

strate With a gas containing ?uorine; 
treating the substrate With a chemical solution containing 

?uorine ions, and 
removing a deposit containing TiFx generated on the 

substrate after the dry etching step. 
2. A method according to claim 1, Wherein 
the chemical solution is an aqueous solution containing 

0.1% by Weight or more of hydro?uoric acid. 
3. A method according to claim 1, Wherein 
the step of treating the substrate With the chemical solu 

tion includes the step of reducing electron density at the 
surface of the deposit by adsorbing H+ on the surface 
of the deposit. 
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4. A method according to claim 3, Wherein 
the chemical solution used to treat the substrate to reduce 

the electron density at the surface of the deposit has a 
pH of 1 or less. 

5. A method according to claim 3, Wherein 
the chemical solution used to treat the substrate to reduce 

the electron density at the surface of the deposit con 
tains hydrochloric acid. 

6. A method according to claim 3, Wherein 
a voltage is applied to the substrate to reduce the electron 

density at the surface of the deposit. 
7. A method for manufacturing an electronic device 

comprising the steps of: 
dry-etching a Ti-containing metal ?lm formed on a sub 

strate With a gas containing ?uorine; 
reducing the electron density at the surface of the sub 

strate by adsorbing H+ on the surface of the substrate 
after the dry etching step; and 

treating the substrate With a chemical solution containing 
?uorine ions after the step of reducing the electron 
density. 

8. A method according to claim 7, Wherein 
the electron density at the surface of the substrate is 

reduced by treating the surface of the substrate With 
hydrochloric acid. 

9. A method according to claim 7, Wherein 
a voltage is applied to the substrate to reduce the electron 

density at the surface of the substrate. 
10. A method according to claim 1, further comprising the 

step of reducing the electron density at the surface of the 
deposit by adsorbing H+ on the surface of the deposit after 
the dry etching step and before the step of treating the 
substrate With the chemical solution. 

11. A method according to claim 10, Wherein 
the electron density at the surface of the deposit is reduced 

by treating the surface of the deposit With hydrochloric 
acid. 

12. A method according to claim 11, Wherein 
a voltage is applied to the substrate to reduce the electron 

density at the surface of the deposit. 

* * * * * 


